age rates were compared.
hours after fertilization the oocytes were observed for One thousand thirty-one immature oocytes were colthe presence of two pronuclei. The fertilized oocytes lected from 234 consenting women undergoing cesarwere cultured for an additional 2 to 3 days. The final ean section. The mean age of the women were 30.1 stage of the embryos was recorded. years old with a mean gestation weeks of 37.9. The
The results were analyzed using the Yates corrected oocytes were aspirated by puncturing follicles which chi-square test. A P value less than 0.05 was considwere 2 to 5 mm in diameter with a 22-gauge needle ered significant. attached to a syringe filled with HEPES-buffered human tubal fluid medium (HTF; Irvine Scientific, Santa Ana, CA). After collection, cumulus-oocyte RESULTS complexes were randomly divided into two groups: cumulus-enclosed and cumulus-denuded. Those
Altogether, 1031 immature oocytes were collected immature oocytes that were assigned to the cumulusfrom 234 patients. After incubation in the culture denuded group were removed of cumulus cells by medium for 48 hr, 441 oocytes reached metaphase II, repeatedly passing them through a fine pipette gently.
with a maturation rate of 42.8%. The maturation rate The atretic oocytes, in which the cumulus and corona of oocytes with cumulus cells was 56.6%, which was layers contained dark atretic bodies or the ooplasm significantly higher than that of denuded oocytes was darkish, were discarded and were not included in (29.2%) (P Ͻ 0.01; Table I ). The damaged oocytes this study. The maturation medium we used was Tissue comprised oocytes that were ruptured during pipetting Culture Medium 199 (Sigma Chemical Co., St. Louis, and oocytes that displayed darkened ooplasm after MO) supplemented with 20% bovine serum albumin culture. The cumulus-denuded oocytes had a higher (BSA), 10 IU/ml pregnant mare serum gonadotropin rate of damage during in vitro culture (Table I) . Of (PMSG; Sigma), and 10 IU/ml human chorionic the 289 oocytes matured from oocytes with cumulus gonadotropin (hCG). The oocytes were transferred into cells, 138 oocytes were fertilized by IVF and 151 four-well dishes (Nunc, Copenhagen, Denmark) conoocytes were fertilized by ICSI. The fertilization rate taining maturation medium and cultured for 48 hr at was significantly higher with ICSI than with IVF (84.1 37ЊC in an atmosphere of 5% CO 2 in air. After incubavs 56.5%; P Ͻ 0.01; Table II ). For oocytes matured tion they were observed under an inverted microscope from denuded oocytes, ICSI also yielded a higher ferto determine maturity. The oocytes with cumulus were tilization rate than IVF (84.5 vs 39.5%; P Ͻ 0.01; denuded of cumulus cells before observation. Only Table III ). Interestingly, for oocytes with and without those oocytes with extrusion of the first polar body cumulus cells, the cleavage rates of embryos fertilized were considered mature (metaphase II or MII stage) by IVF or ICSI were similar (Tables II and III) . When and went on for further experimentation.
these embryos were cultured further, almost all the embryos degenerated beyond the eight-cell stage.
Fertilization Techniques
Of oocytes fertilized by IVF, cumulus-enclosed oocytes had a higher fertilization rate than cumulusThose oocytes which matured to the MII stage were randomly fertilized by IVF or ICSI using donated denuded oocytes (56.5 vs. 39.5%; P Ͻ 0.05; Table   Table I IV). On the contrary, ICSI gave comparable fertilizafor mouse (5), ovine (10), bovine (6), and human tion rates for oocytes with and without cumulus cells oocytes (11). In the rat, cumulus cells have an essential (84.1 and 84.5%; Table V ). The cleavage rates of these role for promoting cytoplasmic maturation of oocytes oocytes were also similar (Tables IV and V) nuclear maturation and fertilization of in vitro matured matured human oocytes, ICSI is a better method of bovine oocytes but that development beyond the 8-to fertilization than IVF. Cumulus cells had a beneficial 32-cell stage was significantly lower in cumulus-free effect on the maturation and fertilization of immature than in cumulus-intact oocytes (6). In the present study, oocytes. In vitro matured denuded oocytes had a lower there was significant difference in the maturation rate fertilization rate with IVF, which can be overcome between the oocytes with and those without cumulus by ICSI.
cells (56.6 vs. 29.2%), suggesting that cumulus cells It has been demonstrated that immature oocytes play a role in the maturation of human immature obtained from unstimulated ovaries can be matured in oocytes. It was speculated that oocytes and cumulus vitro (2,3,7,9). Excluding the denuded oocytes, the cells were coupled by gap junction and granulosa cells maturation rate of in vitro matured oocytes after 48 control germinal vesicle breakdown (GVBD) via the hr in this study was 56.6%, which was similar to the cumulus cells (14) . It is interesting to note that once rate reported by Cha et al. (2) , but lower than that the human oocytes were matured in vitro and fertilized, reported by Trounson et al. (9) . Because these authors their cleavage rates were similar either with or without used different sources of immature oocytes and matucumulus cells, indicating that the cumulus cells have ration media, it is difficult to explain the difference in no influence on the developmental potential of the maturation rates. Until now, there is little information embryos. The oocytes matured in vitro, however, had about the best culture condition required for human a significantly higher blockage of cleavage at the proimmature oocytes. Whether the medium used by nuclear stage compared with oocytes matured in vivo. Trounson et al. is better demands further study.
The embryo development ratio was also lower in The exact role of cumulus cells in the maturation of oocytes matured in vitro compared with those matured oocytes remains unclear. A beneficial effect of cumulus in vivo (7). cells on the maturation of oocytes has been reported The damage rate of denuded oocytes was higher abnormalities of cytoplasmic maturation in in vitro than that of cumulus-enclosed oocytes (47.6 vs. matured oocytes (7). This is probably one of the rea-23.1%). The damaged oocytes comprised oocytes that sons why the pregnancy rate with immature oocyte were ruptured during pipetting and oocytes that disdonation has remained very low. Further study is played darkened ooplasm after maturation in vitro.
needed to synchronize nuclear maturation with cytoAlthough the cumulus cells were very sticky and were plasmic maturation or new culture medium has to be very difficult to be removed by pipetting, no hyaluronideveloped that can support the embryos to the blastodase was used in order to control other factors. Therecyst stage. fore some immature oocytes were ruptured before culture. The high damage rate in the denuded oocytes may be partly explained by the difficulty in removing the cumulus cells. Another reason might be that without the beneficial effect of cumulus cells, the oocytes REFERENCES were prone to degenerate during maturation in vitro.
Compared with oocytes matured in vivo, oocytes matured in vitro had lower rates of fertilization, cleav-
